Food hygiene knowledge in adolescents and young adults
Foodborne diseases encompass a wide spectrum of illnesses ranging from minor gastrointestinal problems to life threatening illnesses such as botulism, salmonella, cholera and hepatitis A (World Health Organization, 2007) . The number of reported foodborne illnesses in Australia and worldwide has increased over the past 10 years (National Health and Medical Research Council, 2003) . Approximately one quarter of the population in most high income countries, for example, Australia and the USA, experience food borne illness annually (The Food Safety Information Council, 2008 , Mead et al., 1999 . Consequently, food poisoning is one of the most widespread public health problems in high-income countries. In Australia, it has been reported that there is an average of 120 deaths at a cost of approximately $1.25 billion annually (NSW Food Authority, 2009 ). In the United Kingdom, foodborne disease affects 5.5 million consumers annually, or 1 in 10 people (Food Standards Agency, 2002) . Foodborne illness causes 687 deaths (Adak et al., 2005) and costs approximately £1.5 billion per year (Redmond and Griffith, 2006) . In the United States of America, these numbers may be as high as 76 million cases of food poisoning per year with 325,000 hospitalisations and 5,000 deaths annually (Mead et al., 1999) . However, high as these figures are, they are believed to be consistently underestimates of true incidence rates, as not all cases of foodborne illness are reported to the relevant authorities (Crerar et al., 1996 , Day, 2001 , Mead et al., 1999 .
Reported cases of food poisoning are thought to represent only 10% of actual cases (Lacey, 1993) .
There are several practices that the consumer can implement to prevent food contamination while preparing, cooking and storing food. These include thoroughly reheating foods, washing cutting boards and utensils when switching between foods to prevent cross-contamination, storing foods appropriately, correct hand washing, storing foods at the correct temperature, and maintaining good personal hygiene. It has been estimated that at least 60% of food poisoning originates in the home rather than with food manufacturers of restaurants (Worsfold, 1997) . It is because of principles like these that the last defence against food poisoning is often regarded as resting with the consumer (Gilbert, 1983) . However, despite foodborne illness being a significant and persistent health issue is also one of the most preventable.
The role of knowledge
It is a widely held belief that much of foodborne illness is the result of a lack of education and awareness of hygienic food handling practices, and that an increase in food hygiene education will lead to a comparative decrease in the instances of food poisoning (Griffith et al., 1998) . Participants in a study by Green et al. (2005) identified education as an essential prerequisite for engaging in hygienic food handling behaviours and respondents' portray food safety knowledge and their perceived level of control over food safety practices as being the most significant factors in feeling confident as to the safety of food cooked at home. Knowledge as a predictor of behaviour has found support in other studies as well (Food Standards Australia New Zealand, 2008) . In an comparable field, a meta-analysis of 35 studies by Shaikh et al. (2008) recognized knowledge as being one of the strongest predictors of fruit and vegetable consumption.
As has been argued in the context of other health guidelines (e.g. fruit and vegetable consumption: Kothe and Mullan, 2011) , an appropriate level of knowledge may be a necessary, but not sufficient, determinant of adherence to safe food handling practices. Indeed the important role that knowledge plays in behavioural performance is recognised in both the Integrated Behavioural Model (Fishbein and Yzer, 2003) and the Information, Motivation and Behavioural Skills model of behaviour (Fisher and Fisher, 2002) . Both models would imply that knowledge of key food safety concepts is required to allow adherence to safe food handling practices.
While a steady increase in foodborne illness over the last 10 years would suggest otherwise, consumers by and large believe that they have adequate knowledge of hygienic food handling practices (Haapala and Probart, 2004) . This disparity between food handling knowledge and self-reported food handling behaviour is reflected in the literature (Bruhn and Schutz, 1999 , Frewer et al., 1995 , Gettings and Kiernan, 2001 , Haapala and Probart, 2004 , Redmond and Griffith, 2003 . For example, while 97% of participants in a study conducted by Byrd-Bredbenner and colleagues (2007a) self-reported their hygienic food handling knowledge as at least fair, as many as 60% failed to wash their hands following direct contact with raw poultry. Similarly Maurer (2006) found that whilst 76% of young adults reported washing their hands properly all or most the time, only 53% were actually observed performing the recommended hand washing practices. Perhaps even more troubling is that some studies have found as many as 10 to 50% of individuals intentionally engage in risky food handling behaviours Griffith, 2003, Bruhn and Schutz, 1999) as they believe themselves to be immune from foodborne illness, due to factors such as optimism bias.
Studies conducted on adults have indicated that food safety knowledge tends to increase with age and practice (Byrd-Bredbenner et al., 2007a) . Females tend to have higher scores than males in food safety knowledge, and younger consumers (under 19 years old) show the most inappropriate practices and significantly lower food hygiene knowledge. These groups may have the least food handling experience and it is further hypothesised that decreased knowledge may be due to changes in educational system (elimination of home economics classes), increased numbers of working mothers and a growing reliance on convenience, take away and restaurant foods (Williamson et al., 1992 , Altekruse et al., 1999 
Food safety and age trends
Childhood is an important time for developing knowledge and skills about food hygiene and preparation, however, teaching of these skills in schools is declining (Mullan, 2009) . A study investigating primary and secondary schools in the UK found that teaching of food hygiene was not in the national curriculum in England and Wales (Mullan, 2009 ). There was a slight increase in the instruction of food hygiene between primary and secondary schools, however in secondary schools this was only in students who studied food related areas. Haapala and Probart (2004) investigated food safety knowledge in a group of students from the USA (years 7 and 8) and found that they only had a fair level of knowledge (mean of 7 out of 10 questions correct), with no difference between genders. Particularly, students performed badly on questions relating to cooking and cleaning (e.g. safe temperatures to cook chicken, cleaning cutting boards between raw meat and other food items). However, the majority of students (92%) did prepare snacks and meals at home and 21% reported they had been sick due to something they ate. One fifth of the students also reported frequently taking risks in personal food handling, suggesting low perceived susceptibility. A recent study in the USA found that most children in early high school (mean age 12.6) did prepare food at least weekly and while they knew that food could make them ill they were unsure or unaware of the exact mechanisms (Byrd-Bredbenner et al., 2010) .
Aims
The aim of this study was to utilise the comprehensive food-safety knowledge instrument developed by Byrd-Bredbenner et al. (2007a) to compare the food hygiene knowledge across a population of high school and university aged students. As mentioned, younger age groups are most at risk for inappropriate food handling behaviours and consequently foodborne disease. Byrd-Bredbenner et al. (2007b) found that young adults aged 17 to 19 had the lowest food safety knowledge;
however, very few studies have investigated the food hygiene knowledge of children or adolescents. The questionnaire contains 5 scales which cover key food safety concepts. These include cross contamination and disinfection procedures; safe times/temperatures for cooking/storing foods; groups at greatest risk for foodborne disease; foods that increase the risk of foodborne disease; and foodborne pathogens.
This questionnaire has been shown to have good reliability (r=.92) and validity, and is appropriate to use with a wide range of ages from adolescent to adults. This study is the first to apply the knowledge instrument in an Australian population.
Understanding the baseline knowledge in this population is an important first step at developing effective interventions for food safety.
Method

Recruitment
University aged participants were recruited from an undergraduate psychology population at an Australian University. phone contact with the schools to determine if they were interested in participating in the study. If the school was interested, they were told to choose appropriate classes or years where the students were between 11 and 18 years of age. Although twenty-five schools agreed to participate initially, many did not continue on to be involved in the research, primarily due to time constraints, workload demands, or failure to correspond with the researchers. The final sample was recruited from three Australian schools in New South Wales (NSW), and four schools from the UK in areas such as Worcester, Gloucester, Yorkshire and Hampshire. Parent consent was obtained prior to student participation.
In total, 475 participants took part in the study; 205 were from secondary schools in Australia or the UK (113 females, 92 males), and 268 were university students (194 females, 74 males).
Materials
Food safety knowledge was measured using an online version of the Food Safety Knowledge questionnaire (Byrd-Bredbenner et al., 2007b) . This is a validated and standardised questionnaire that covers many facets of safe food handling. The questionnaire is scored out of 89, with scores converted to a percentage and the pass rate set at 50%. The 89 items assess knowledge across the 5 subscales listed in Table   1 . Participants received a score of one for each correct response. Each item was either a multiple choice question or true/false response. The total score was calculated as a percentage.
Demographic questions were also included. Participants were asked to state their age, and select their gender (male/female), the primary occupation of their father as a proxy for socio-economic status (higher managerial or professional/intermediate managerial or professional/supervisor or junior/skilled manual workers/semiskilled and unskilled manual workers/unemployed/student), and their living situation (with parents/rental property with friends/rental property with partner/catered or un-catered college/own home).Whether the participant was recruited from a high school or university, and their country of origin (Australia/UK) were also recorded.
TABLE 1 NEAR HERE
Procedure
The food safety questionnaire was administered online along with demographic items. Participants were provided with an individual identification number and a link to the online questionnaire. For school students, teachers assisted with the administration of the procedure and students completed the questionnaire.
Results
Demographics
Four hundred and seventy-one participants completed the study; 222 high school students and 249 university students, with 366 born in Australia and 97 born in the United Kingdom. Mean age of participants was 17.3 (SD=4.8; range 11 -52) years, and the majority were female (66.6%) and lived with their parents (80.9%).
Regarding socio-economic status, the majority (56.8% ) of fathers of participants were employed in an intermediate or higher managerial position, 19.4% were skilled labourers, 8.6% were students, 5.6% were supervisors or clerics, 4.5% were unemployed, and 4% were semi-skilled or unskilled manual workers.
Food safety knowledge scores
The results of the food safety questionnaire showed that in general, knowledge was very low (see Table 2 ). Participants from the high school population had a mean score of only 38% (SD=11.3; range 21 -45%), while participants from the university population just reached a 'pass rate' with a mean score of 54% (SD=9.9; range 26 -70%). Participants were most knowledgeable about foods that increased risk of foodborne disease and least knowledgeable about common food sources of foodborne disease pathogens.
TABLE 2 NEAR HERE
Predictors of knowledge scores
Univariate Analysis of Variance was used to explore socioeconomic status (i.e. father's occupation) and living situation differences in knowledge. Significant differences in knowledge scores were found for individuals in different living situations, (f5,454=5.84, p<.001). Post-hoc tests using the Tukey HSD procedure revealed that those who lived with their parents had significantly lower knowledge scores (m=40.80, SD=6.14) than those who were renting (m=47. 54, SD=8.71; p=.001) and those who were living in their own home (m=52.40, SD=7.03). There were not significant differences in knowledge scores, depending on socioeconomic status (f7,388=1.92, p=.065).
Relationships between knowledge scores and the demographic variables of age, gender, country of birth and education group were investigated using a hierarchical multiple regression analysis (see Table 3 ). Age, gender, and country of birth were entered in the first step, followed by education group in the second step, as it was assumed that age and education group would be confounded and may not explain additional variance above each other. However, being more highly educated may also explain additional variance over age trends, and therefore this variable was included in the second step.
In the first step the overall model was statistically significant, explaining 31.7% of the variance in knowledge (f3,464=71.68, p<.001). All three variables were significant independent predictors, with age accounting for 10.8% of the variance, gender accounting for 11.4% of the variance, and country of birth accounting for 4.5% of the variance in scores, each controlling for the other variables. When education group was added in the second step, the overall model remained significant, explaining 44.1% of variance in knowledge scores (f4,463=91.25, p<.001). Gender and education group remained significant independent predictors, explaining 9.0% and 18.1% of the variance in knowledge scores respectively, whereas country of birth and age were not. Holding all other predictors constant, being of female gender and at university rather than high school were associated with greater levels of knowledge. (Food Standards Agency) . Food hygiene in the home has been identified as an important way to prevent food borne illnesses (Worsfold, 1997 ., Gilbert, 1983 .
Despite findings, knowledge about food hygiene and the prevention of food borne illnesses tends to be surprisingly low (Byrd-Bredbenner et al., 2007) . The aim of this study was to explore food hygiene knowledge across high school and university-aged students, and across two countries; Australia and the United Kingdom. Better understanding of food hygiene knowledge and the role of demographic factors is an important step in both developing effective interventions that may incorporate knowledge, as well as enabling more effective tailoring of such interventions to groups that are more at risk of food borne illness.
Overall, low levels of knowledge were found in participants, with school students correctly answering 38% of knowledge measure items, and university students correctly answering 54% of the knowledge measure items. These levels of knowledge are even lower than those reported in Byrd-Bredbenner et al.'s (2007a) study. Low knowledge levels may therefore be a barrier to implementing safe food hygiene practices, particularly amongst school students who may not be aware of some of the sources of food-borne illnesses that can be avoided in the home.
As expected, demographic variables were significant predictors of food hygiene knowledge, and explained a substantial 44% of the variance in knowledge. In particular, those who were female, and university (rather than school) students, living at home, and residing in Australia had greater levels of food hygiene knowledge; however age and country of birth effects were no longer significant when education group was included. These results will be explored in turn.
In the first step of the regression model, age was a significant predictor of food knowledge, and independently explained 11% of the variance. This is as expected, and in accordance with previous research suggesting that knowledge increases with age. For example, Sanlier (2009) compared the food safety practices of young adults (14-19yrs) and adults (20+) in Turkey, and found that young adults had poorer food safety knowledge and food safety preparation. The authors argued for the necessity to find ways to improve education and knowledge on food safety. It may therefore be useful to design food safety interventions that include knowledge components for younger individuals.
Age effects were, however, no longer significant when education group (i.e. university or school student) was included in the model, and education group explained over 18% of the variance in knowledge, representing a large effect size.
That age was no longer significant with the addition of education group was not surprising, given that individuals at university are older than school students, and also that differences between these groups may be larger than small age variations within these populations. As such, it appears that age effects have been explained and accounted for by education group. It is also possible that those who are accepted into university are more intelligent, have higher socio-economic status, or may have better access to learning materials, thus offering a greater opportunity for those students to learn about food hygiene. This notion is supported by research suggesting that better educated individuals tended to have a better diet (e.g. less meat, more vegetables, and less unhealthy snacks) than those who had lower education levels; an effect that was not explained by age (Fraser et al., 2000) . Further research could explore the role of learning opportunities as a predictor of knowledge, as this could form the basis of tailored interventions to increase food hygiene practices.
In the current study, females tended to have greater food knowledge than males. Such differences are consistent with previous findings in the United States (e.g. Byrd-Bredbenner et al., 2007a) and in Europe (Sanlier and Konaklioglu, 2012) , and are also found for food hygiene behaviours such as hand-washing (Anderson et al., 2008) . Males may therefore be at greater risk of foodborne illness than females, and future interventions should be designed accordingly to target male populations.
Those who lived at home with their parents had lower levels of food knowledge than those who lived in rental properties or in their own home. It is likely that age is a confounder, such that those who were renting and living in their own home were older than those who lived at home. However, it is also possible that those who live at home have less responsibility for food preparation, and therefore had not encountered as many opportunities to learn about food hygiene and practice safe food handling (Byrd-Bredbenner et al., 2007a) .
Australians had higher levels of food knowledge than those residing in the United Kingdom. However, country differences in food knowledge were no longer relevant when education group was added to the regression. As university students could only be recruited from Australia, the most likely explanation for this finding is that country and education group were confounded, and the differences between school students and university students were larger than the differences between the school students recruited from Australia and the United Kingdom. However, the initial country differences observed could also be partly explained by a range of social, economic, and cultural differences (Wilcock, Pun, Khanona, & Aung, 2004) .
Although there is limited cross-country or cross-culture examination of food safety and food knowledge, Jussaume and Judson (1992) found that those living in Japan were significantly more concerned about food safety than those living in the United States. However, in their study as in the current study, this effect was mediated by circumstantial differences, such as number of children, age, income and education; those of similar circumstances had similar food safety concerns, regardless of country.
Further exploration of potential cultural and country differences in food knowledge is warranted.
That food hygiene knowledge scores varied across demographic factors such as gender and education group is promising, as it provides an avenue for more specified food-hygiene knowledge interventions that target those who need them most. In particular, school-age males may be more at risk of foodborne illnesses due to lower knowledge levels, and future interventions could target this population.
There has been research suggesting that knowledge may be necessary, but not sufficient, for behaviour change in food-related behaviours (Kothe and Mullan, 2011) .
Even when levels of knowledge are high there is frequently a disconnect between knowledge and behaviour (Ansari-Lari et al., 2010) , and a recent intervention that included knowledge was unsuccessful in in improving food hygiene in a sample of Australian university students, even though increases in knowledge were found (Mullan & Wong, 2010) . It is possible that other factors are also important in motivating food hygiene, such as desire to change behaviour, impulsivity and selfcontrol, attitudes, and social images; these factors should be investigated to determine whether they explain differences in food hygiene behaviour, and if so whether appropriate interventions can be designed to target these factors in addition to increasing knowledge.
A recent systematic review of food hygiene interventions suggested that food hygiene is modifiable, however, the quality of the studies was generally poor, and many relied on self-report changes (Milton and Mullan, 2010) , despite previous research suggesting that self-reported food hygiene do not match actual practices (Maurer, 2006) .
To further develop this field of research, theory-based interventions may offer more effective interventions. For example, the theory of planned bheaviour has been effectively used to explain and change a range of food-related behaviours (Webb and Sheeran, 2006) . In the area of food hygiene, Milton and Mullan (2012) recently conducted a Theory of Planned Behaviour based intervention designed to also improve knowledge, as well as attitudes, subjective norms, and perceived behavioural control. This intervention was effective in improving food hygiene behaviour in young adults, and therefore applying models such as the Theory of Planned Behaviour to food hygiene may create more effective interventions. In working towards such food hygiene interventions, food knowledge could form a basis that is then built upon by theoretically driven interventions.
Limitations of the current study must be considered. Actual food hygiene behaviours were not measured, and therefore it cannot be assumed, even with low knowledge scores, that the current sample had poor food hygiene. However, previous research has suggested that knowledge may be necessary (albeit not sufficient) for behaviour (Kothe and Mullan, 2011) ; and the relationship between food knowledge and behaviour warrants further investigation. Secondly, identifying demographic differences in food knowledge does not offer ways to change knowledge; however identifying both baseline levels of food knowledge, and populations at risk for specified targeting of such interventions, are equally important for this field of research, and suggest that poor knowledge may be a limitation to behavioural implementation, particularly in young males.
Using the results of the current study, tailoring such interventions may help to improve their effectiveness. Empirically rigorous interventions using knowledge and theory-based intervention components, and that are designed for specific at-risk groups (such as young males who live at home) would be very beneficial to this field of research. Table 2 Knowledge scores (percent correct)
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